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Sw!s!x

Pleemd initiation from a poloidal coil ●et ie dia-
cuescd for inducing tha ●tartup voltage where m mag-
natic flux ia generated in the plaema region. A mathe-
matical e~reeeion is reportad which statee the current

distributionnecaseary in a toroidal shell for the zero
field conditioninaide. The Co-ination of the etartup
cuil in one phyeical unit with thu vertical field coii
ie coneidared. A flux plot ie dincum.sedfor the caee
that the coil set ie mounted outeide tho toroidal field
coils and iron used for reducing the fnagnntlcfield
emergy.

Introduction

Notivatedby thm conclusionsof Thomassen ●t al.
(lq7fi)that a larqe auwnt of anergv i~ neadod if tho
plasme im initiatedby inserting a rouistor (“blip”
reeiator)into tho biae current carrying ohmi~-heating
coil, wo made an effort to reduce the cnerq,’by a zmt
of dedicated and Umbiweu blip coils.”The blip coil.a

arm dr.={qnmrl to gcnerata zcrc field in tho plasma r,!-
gion and supply thn voltage pulue, whorcae met of the

blip encrqy is suppliadby megnotic coupling from the
VF m]il circuits, thu~ ruquiringcontrolledpcwcr eu.p-
PIIOH to maintain tho correct VF currents. We con-

cludd, thercfor@, that thn blip coils and thair driver
circuitsmay hcut be cazbinadwith thouc fol tic VF.
The maqnetic field calculatloneincludo the configura-

tion with the combinodVP-blip #et locatedoutfiidcthu
TP coil:]HO the assumbly and maintonnncoof the L.oka-
❑ak will bc Facllitatcu. Calculation%woro stnrtcd to
jncluda tnu cffcctn of iron fur rcducinq the poloidal
fi(,ltlcnrryy in 4 clo:~lqn with the cxturnal VF-bllpc>ils.
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eet with 10 diacrate currents distributed such that in
the intcree=tion of the plaema ragion and the eyrnmtry

plar,.1the ratio of the normalized average flux density
over tlm total current, 2W < rlJ >/1 - 2s. Thie corre-
s~ndt! to a flux density of approximately29 G for ●

total blip current I = 2 MA.

The eet of dimcrete currente waz obtained
from the computor pr~ram, lNSCOIL, by which the
quatLonl for the axial canponcnt of the mzgnetlc field
of circular filanmnts is solved and tho aet of filmnt
currcn~ dotcrminedwhich eatisfies, in the least equereg
eensa, a given set of axial field gradient component
under the follwing constraint:

a) The prcdetenninodeigns of the currents are to
remain invariant.

b) Several @ 8) filamontemay be ganged ao their
currents am idantical and thue approximate
the cGnductor of finite eiza.

c) %ntm fihmente may bc conatraincd to carry

currents, invariant under tho least squares

fitting procaez.

The lca~t squares fitting rcutinc uses thn I[ouseholdar
tramformation which multipliw IAC cmfficient matrix
ao a trimqulm mutrix is obtained. Thin alqurlthm hae
the important propartiec of numerical stability, hiqh
accuracy evnn for larqo arrayu, and fast execution for
the cimc of the fully rankad coefficientmatrix that
may be ovcrdctcrmincd,exactly dl!tcrrnincd,or under-

detwminod.

The ‘T coil in Flrf. 1 is locatedout~id,.the TIJ
COI1!Jto f.wllLtnfx,the .IGrwmbly mid ❑mintcn,wicu of the

tokamah. ThCI electrical circuit with blip flux nht,lin(:,]
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range. In tha TM case, it in expected that a flux
rowingof 40 Vs over the ranga ‘2 T“”*2 T maY be ob_
tained wi”~out varying the pla.ememajor or minor radii.

For muting the inductancemtrix, program
TlWC131Lcan be usmi ●fter the addition of an algorithm
haa been iwlamnted for _til.# the flux in alr in
the presence of ita image in the iron apace end the
flux in iron in the presence of itm hega in air. For
solving the operationalproblem, a pickup looP placed
mound the centerpoetilon may be ueed in conjunction

with an integrator to eupply flux density information
for o~line correctionof the control circuit’fioutput
for the VP coil arrent control.
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Conditions for Zero Fh!ld in tho
C=ront Conducting ToroMal Shell

Ccnwd!lcra toroidalehell with thin wall of minor
radius r iIIId miiJor’ radiua R. WI want to knnw tlm cur-
rent di~trlbut.lonin the wnll that gcncratrw zorn flux
innhla the ~hall.

TIIc! zero field condition inside tho thin Hhcll
requires that tlm, )~holl murf.wm ba onn with conntnnt
ptcntl~l vector A. [t iIIUHCCU1, thrrvfnre,to u:lo
tho torolrhl ccmrrlinat!!qobtninnd by twlrllnq thn

circkm shuwn in F’lq. A-1 shut. the z-aXIM. Thn Lorol

(Fiq. A-L). Ttw rqmllnm rt~r I.hII,I.1 nurrn(-wl ,~rv V, VIIIY
ol}titlnvd frnm F.I. [A-1) ,UII nrm :itmmun~rul rol,lt I(MI!IIIIIUI
for t.hn II - ron:~t mnd .1 - vnlw.!I nr thII IIhI.11 with uIw.11

minor and I

n-l’

n - arc eh (R/r) (A-31

The curl of the vector potential in toroidal co-
ordinate ie obtained in the =ual way of the general
e-rmasion for tho curl and the metric coefficicntefor
fi~ =-dinatea c-~d=ed, i.e., qII -“(WW2 +
(awamz + (a2/art)z,922 - (avao) + (ay/w3)z+
(h/hJOz,etc., which yield the matrix

The off diagonal elements are zero, thus indicating

orthogonalitv. we obtain, thue, an ●xpreaaion for the
curl, i.e.,

I
We define one flux surface [II= connt, A - A
at the shell where tho $ directionalcurrent ‘)

and whore, thcrafore, An - A. - ~A/~(1 = aA/3’i

[A-5)

= conatl
in impoeed
- 0.

These conditlone follow from the nymm?:ry of the defined
flux eurfaco. For thie one dimonslonalcasu, we get

(A-(t)

A ~olnt ehnuld h made rc!qardlmlthe gonoral in-
tcqral of Laplacc’G equation in this Cardinato nyatcm.’
The 9cparatlonquatiunu load, fur ttw! cnso of axial

HVIMM?t~, l.c., $-indopnnrlcncc of th(! Ixjt(.nti,llr+, to

1!- (ImnllII- two) -’/?, (A-ll)b
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IllIt.lUpllllllt I-III 1.11!1, Ovl.n Ill 1111,111.{11,11,p(ltl. n! 1,11 l!il!ll!
Or the. ol,.l:lri~.,llly I,hnmp.tl m~l,~l tm-lll,t.
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rlilld11111:1.
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w substituting Eqs. (A-2)and (A-3) in Eq. (A-6) 1“ 4

and eliminating the vector potontial from the boundary
condition that the total currmt equal I, we get the
surface gradient

(A-9)

for a, q real, positive accord~nq tc Eqa. (A-2) and
(A-3). The angle 8 ie obtained from Eq. (A-1) for given
a= “Rz- rz)’z end n = arc cosh (~r).
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Fig. 1. Bllp field Enr coils outside TF coiln.
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